rently, the methods of construction of phylogenetic trees (based on molecular data) are widely used not only in systematic and comparative biology, but also in ecology, ethology, sociobiology and epidemiology. The methods of molecular taxonomy can be divided into two groups : single-locus methods and multilocus methods. The result of any single-locus method, such as DNA sequencing, microsatellite analysis or singlestranded conformational polymorphism (SSCP) analysis, is the so-called ' gene tree ', the topology of (1986) ; 'Forsgren & Forssman (1979) ; (Meingassner & Thurner (1979) ; ) Kulda et al. (1999) ; * Kulda & Honigberg (1969) ; "! Culberson et al. (1986) ; "" Kulda et al. (1974) . † KVc-1 is a clone derived from KV-1, ATCC 30924. which reflects the evolution of a particular gene. Very often, however, the aim of the analysis is to obtain a species tree, the phylogenetic tree of the taxa under study, or the genealogical tree of the individuals in the population being studied. Under favourable conditions (i.e. with long intervals between speciation events, in the absence of any horizontal gene transfer between species, etc.), the topology of the gene tree can reflect the topology of the species tree. Mostly, however, such single-locus-based species trees contain some errors (Takahata & Nei, 1985 ; Neigel & Avise, 1986) . A substantial number of errors can be avoided by using multilocus methods such as DNA hybridization, randomly amplified polymorphic DNA (RAPD) analysis, and RFLP. These methods provide species trees based on phylogenetically relevant information contained in many loci or (ideally) in the whole genome. Many of these methods, especially those applicable mainly to an analysis of closely related groups of organisms (RFLP, RAPD), are often even cheaper and easier to perform than the usual singlelocus methods. There is, however, one serious technical obstacle in the routine application of multilocus methods. For single-locus methods, a broad collection of application software exists for all stages of the data analysis, including programs for the automatic input of data, the construction of dendrograms and the statistical analysis of the reliability of the results. However, for the multilocus methods, such programs are scarce and for some steps of the analysis are even not available. As far as we know, for the construction of phylogenetic\genealogic trees on the basis of RFLP and RAPD data, no program exists that can also perform the bootstrap or jackknife analysis of the robustness of the tree topology. Whilst all published trees constructed on the basis of DNA sequencing presently contain the information about the robustness of the tree topologies (generally the bootstrap values for internal branches of the trees), this fundamental information is never provided for the trees constructed on the basis of multilocus methods. Unfortunately, it is the information about the robustness of a tree that is often critical for biological interpretation of the data.
Here, we present a description of our program, FreeTree, and demonstrate its performance by analysing 42 strains of 10 species of trichomonads, including six strains of Tritrichomonas suis, eight strains of Tritrichomonas foetus and 20 strains of Trichomonas vaginalis (Table 1) . Axenic cultures of all organisms (deposited in the culture collection of the Department of Parasitology, Charles University, Prague) were initiated from frozen stabilates cryo-protected with 5 % DMSO and grown in Diamond's tryptone, yeast extract, maltose (TYM) medium (Diamond, 1982) supplemented with 10 % heat-inactivated horse serum. The pH of the medium was adjusted to pH 6n2 for Trichomonas vaginalis or to pH 7n2 for all other organisms. Trichomonads from mammals and birds were maintained at 37 mC whereas those from amphibians and reptiles were kept at 26 mC. The last three transfers before harvesting were grown in TYM medium without agar. Cells were harvested in the late exponential phase at an approximate density of 1-3i10' cells ml −" . Nucleic acids were isolated using a modified guanidium chloride method (Pramanick et al., 1975) and were analysed using 18 primers (OPAs 8, 9, 11, 12, 14, 15, 19 and OPFs 1, (3) (4) (5) (6) 9, 10, 12, 14, 16 ; Operon Technologies), as described elsewhere (Van) a! c) ova ! et al., 1997) . The total number of binary RAPD characters was 731. The program FreeTree was used for the construction of a phylogenetic tree ( Fig. 1) and for the bootstrap analysis (Nei-Li distances ; neighbour-joining tree-construction method ; 250 resampled datasets).
The FreeTree program
The FreeTree program was originally designed for the analysis of the results of DNA fingerprinting methods (RFLP, RAPD, arbitrarily primed PCR) or other methods that provide binary character data (presence\ absence of the characters) (Pavlı! c) ek et al., 1999) . For such data, the program computes the distance matrix (by seven different methods), constructs the phenetic or phylogenetic tree (by using the unweighted pair group arithmetic average-linkage algorithm or by using the neighbour-joining method), and computes bootstrap, jackknife or operational taxonomic unitjackknife values for internal branches of the tree. The program FreeTree can also be used for analysis of the data obtained in two or more independent experiments performed with non-identical subsets of taxa, and also for the construction of trees on the basis of frequency data (e.g. the results of isoenzyme analysis). With the frequency data, however, the program cannot test the reliability of the trees. FreeTree is a Windows 95\ 98\NT program. The bootstrap analysis of large matrices can take a relatively long time on slow computers. The installation files of FreeTree, a manual in MS Word format, and a sample of the input file are available at http :\\www.natur.cuni.cz\"flegr\ programs\freetree, as an autoextracting archive, or http:\\ijs.sgmjournals.org\content\vol51\issue3\, as a .zip file.
Analysis of trichomonads
On the phylogenetic tree constructed by our program, all strains of Trichomonas vaginalis formed one distinct branch with a bootstrap value of 100 %. The strains of Tritrichomonas foetus and Tritrichomonas suis, however, formed a common branch in which the representatives of both species were intermixed. This branch again had a bootstrap value of 100 %. These results are in agreement with the results of other authors (Hammond & Leidl, 1957 ; Felleisen, 1998) (Kulda et al., 1986) , but some results of karyological studies suggest the possible existence of meiosis in a fraction of Trichomonas vaginalis cells in in vitro cultures (Drmota & Kra! l, 1997) . Even a low frequency of sexual processes, and therefore a low intensity of genetic flow between particular strains, could result in the decrease in bootstrap values of phylograms constructed on the basis of data from a multilocus method.
Our results confirm that the applicability of the RAPD technique in taxonomic or epidemiological research critically depends on the nature of the particular species or taxon under study. In some cases, we can obtain a reasonably robust tree from a moderate amount of RAPD data at the level of genus or higher ; in other cases, even the robustness of an intraspecies tree can be rather poor. We suggest that the repeated bootstrap analyses should be an obligatory part of any RAPD study. It makes it possible to assess the reliability of the tree obtained and to adjust the amount of collected data (the number of random primers) to the amount of phylogenetic signals in the RAPD data for the taxon being analysed. The FreeTree program makes such analyses possible.
